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PROBLEM TO BE SOLVED: To provide a liydrogen combustion heater wherein there is no possibility of 
explosion or explosive combustion without production of nitrogen oxide and with suppression of an 
increase of thermal stress. . ,. ^ 

SOLUTION: Air from an air fan 1 1 and hydrogen gas from a hydrogen introduction pipe 16 are supplied 
to an Inlet pipe 13. Connected with the inlet pipe there are provided a mixer 40, an electric heating 
catalyst 50, a combustion catalyst 60, and a heat exchanger 64 in this order. First, supply amounts of 
hydrogen gas and air are reduced, and electric power is supplied to the electric heating catalyst for a 
predetermined time to combust mixed gas, and the combustion catalyst heated with the combustion gas 
starts a catalyst reaction, the supply amounts are changed to a stationary large current amount. A 
mixing ratio of the hydrogen gas and the air is set to be substantially 1 :15.3, and combustion In each 
catalyst is supposed to be slow oxidation reaction, whereby 500 deg.C combustion gas is obtained 
without causing explosion or explosive combustion. The combustion gas heats water from a water pump 
65 in the heat exchanger and is released to a silencer 70. 
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tc. 2I®«1 lA»^>oaaS:S^il^l 5. 3ft)Si:=3r 
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hXo. ^fsiWi- 1 2 •CB& 7 6 0 u -y h/\^ymzmm 
[0037] ::<7)fs. ^^mms o<D±mzmm.L 

m&^tif-i^ll (?L4 4 ) tc i "3 , S^i:*S;«f"^<i-fe 

1 6 ^^'i) 5 0 y -y . 3^«l 11** 

/s>7 6 0 'J -/ #tcb-h:^;K 

[00 38] «*Mfi4iK6 0T-5 0 0*C^T-#jaL^*^ 
S!iJ^f&6 4$:jiig-^S^lC'>*-^''i?>'r6 
5tCj: •) 6 U y h/P/^i-TgSilSM^t^^Srff-^Tt 
S>fc . M^7 0 TiM^^^timm^tih. 5 Icwcom 

f«72 0 0'CJjUiO^StcS>S<?)-C. ZZT^-i^yf^S 

[0039] aecD^s as-k>'^f 7 sT^tbUcMM 

2<OiK0#2 0^KtT*Sjy^cri4$r 5 U 'y h/P/^i" 
cEft$fJI9#12T-^SIfi5rS&7 
6 'J >y h/P/^i-i: tT. «a«SM^mt-ri>. 

tcM^fiiiie ofcisttsBe-fbRJEA^^^ixs . ^ 
JE:^-feyi?-7 7**S«^rlSES-«!ajL^ci:&«. *0««l 

[0040] 2|sSI*6tfiJ{iJiLh«0 i 0 l,zm&^tL. il-^ 

4 0 , 5 0 . mmsme oi3Xt/ms.mi 

64^mi>zmS.LX\i-:}^^—-yh3 0^m^L. 

<r>mt:^y^i:m^smie4izj&-ri>(r>bLtc<Dz\ mt 
[00411 tt:. m^^4 oji. mi3xm±^ffzw■ 

U4 2 tjfeK4 3<Oia<0*-b;P4 5*^'SSiX^rtfi]{CK3lL 



[0042] IIS6CTT-{±, ?g-^ll4 0 {±¥«4 2 

w\tmt±^f^Tmzx7t<y hmm-t^zbi>zx-ox 

[0043] $4>tC, IIS6«<^S-&S40ii. ^iX^iX 
m&l. 0mmC0AV'>7L4 4S:J^«L7t¥«4 2i:?t^ 
*^^BrffiJB«<0jS«4 3 b 2r«ia^^§ UTli^t-CV^S 

(T^X'hfUci. «^«7)<Sit$rffl>'^'i>C:i:;{^'-C'#2>. Ill 1 

{iii-^S4 Q\,zm^^hmii&^<nm<r)mim-r. m^o 

6t(4$4 8Sr. ^gP4 7C{illj4 9S:S*t4 1' Ote 
:fr|6ltc:3^tcj^^LJtt><OTJ>a. HO (b) ti^ffi^ 
«4 1" cO<S:6-|6!C^IBl|iSK:- ^g§*-|Sj<OHaJ0ii;*S:A 

Kx, m)i^-^^z'E.fm^<7)\^49' t^48' 
[0044] ^fz. mmiziinh^^3x^3m3 o<o 

^hJi«<W«5 2i:^1g5 3W4. a@l . OmmOA 
v%IL5 7SrmU^^*^ 7U^{4i:<tKI^§n-f. ^ 
;t{fill 2tc^-rJ:3lc, ^b tti>j:v^. 0<5O 
( a ) 1 ■ <0«:6-|»jK«< Lfe3€m5 7 ' O 

( b ) \mn3 1 " (Ti^-n^ 

[0045] one. 0 1 3{4. *lg35A'^<Ofll«$^P 

<^%miHi7T=.-t. t-f. mwimm^i>z-:>^-^xmmr 

I,. t-:J'J---yhOi^-i^:x;/3 1' 0/hgSP3 2' 
rtt<4. «^Ig»J!lli«E8 0**iEa§iiTV>2,. ^^Ull^ 
MiSESOfi, mi4l,Z7jk-tXo<,Z. ISK^^MWcfcJt 
sm^nf?!ifit«5 0i:|iiaits a^(Pt) 1%. Sgp 
T/l^ii- (Al 20 3) *»4.^rSftl!ilES-ffli#LfeJSE$5 
0//m«5D2 OC r-5A 1 , m^F e<7)X^yiyXm*'' 
t>^j:hm8 0 mmCD^mS 2 bf^WLS 3 b t 

m<^MSfMmi^5oi,ziH'n,i'm5 4bmm<7). i^g 

5 8min<75/jN@S53 2' tcS^i-«.J'h«84 tcEA^it 
TV^^, T«8 2i:»«R8 3<0^#±{f4"i:^tC{4miS 
ffi8 5j!^aU. 9\-n84tZiim2^5 6t^»hp. 

3 1 ' <r>9\-m^i:-x&Lx^:fj^m/x\.^i>. 

[0046] T«82i:»«83<0#5R«8 V^-T 
ittai 5l,Z7rrtXdl,Z^ I|i8 0min0^*>n-{115 Om 
mc7)|ifflt= s i£@ 1 - Omm<7)7L8 7 5ri|a:frr^tc;2. 5 
mmtf yf-. i^#:fr(6)tC:5nimtr-yf-^'}g^LT^fLgP 
8 6i: LTV^I>. ^8 3i4a[<OlS$36i51 . 2min. 
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fmmnf^o. 8£2i::5rr>ri^i.. :i<Dmm^Mm8 

0 Ji, ^?L^8 6 ^±Sffl!i{- LT/jNgge 3 2 ' t^fiS 

^tJs 01 3~lll 5-C-{i:a»^^«07t*^?L 

I.. 

[0047] ort::, Tkfg^Al^twOV^TiftBJ-r?. . 5fe 

c7)0 1 3 i,z^x 0 iz. AP« 1 3 • <7)ffl!iacffln-ri. 

•*^A1?1 6' {±, «E#Ofti?0lc*^fr±#l 0 

#ih# 1 0 o<7)miz, ■amit/^&^ti^ —ij<r>j/^tm 

1 7 izam 1 0 1 0 2 . ffiJl^rcOtJi-i^K 1 8t:ti*« 

gSSmmcOAP'i'l 3" UTtK^^A'? 1 6 ' <0 
^Prt@{i8mmfc UTfci>. 
[0 04 8] ||li7)g?010 2J:ll2£OgJ'9 10 
ecO^Aititl : 9bLXh*). i-r*^ff-it#l 0 0 
S-iB< t . 1 cols') 1 0 2 5 U v 

h/P/^T'APWl 3' $'i>lC**f?±# 
1 0 4^lfi<C:i:CJ:OII2iOig?*3 1 0 6 S:3i^a•rl>:a• 
*^^Di^-^T-&t^5 0 U >y h/P/rJi^T'AP*! 3 ' 

**ftf±#l OOfcitXl 04JiV>riti,^f!|! 

[00493 7K^<?±#1 OOtJilXl OA^co^^^ 

10 8. 109 twti. ^it^'ii 3 :trmiS# 1 1 
0.11 23&«a»t*>ft. #3:*nifii#ti0^B&<o»J« 

^«{cJ:0$<JffllS*t'&. 3:^^15^110. 112ti-e 
n-fitS#tTmft2-*^<?iJ:#l 0 0S)?>v^{il 04 

0 . 1 0 0. 104 (Dmma^mm-^ti^ . 

[00 503 7K^;y:^<oa8£2r©JtS9-r'6*^ff±# 1 0 
OtJit^l 0 43&«S^*fH»#Tl««$ixTV^|>«OT. * 

[ 0 0 5 1 3 =5rfc . ^(Om 1 cO|lii09-C'{±*^A*i= 1 
e^AP^g^Stc^PL^CJ!?*. +:«-=5rtg-&co^i'>t-«i 

6' S:AP«13' <O^SS:«[a$-ti:t:. AP«1 3' 
Oifffi5rT*»'5±'^-ejS J: ^ L . APl'^^Brffi 

p^TTksgWA'g 1 6' izmm.comn^mi'rxh^. 

^A'i= 1 6 ' iOAPl^l 3 ' #Birtc:{±7 -f^U^ 1 1 4 5r 
JROfttt. *#;^^tc«EAt7t:1»fiSrl^*-r«.*?SS::^ 
Srri.. ii^:. APlflS' $-«i«J-5^7KS^A'tl 



[00 52 3 HI 6{±. *#^A«1 6' Olf$ffl$r^ 
iick.mx\ ( a ) {i±gSiffl*-^>a/v;jEffi0. ( b ) ti 

(a) tcfc(tl)A-ABiffi2rfefcfc:LT*UTV^S. ^P 
9 0*<AP'i'13' coBrffiCfcftS+'C^Cia^JtJi-eco 
jfi^t. AP^ffl 3' OJg®*^^BIfffi¥@^0 2/5<7)4' 
^fctc. -^th2ffl^{t'^>ilTV'>l). rtg5 8mmOA 
P<f 1 3' tlML-C. *3R«*A'^1 6' <Oi'J.@til Om 
m. rt©i8mmT-. ^raP9 0<Og{il. 5mmi;L 
XS>h. -f-LT. i:<l^ (b) IzS^-TidtC. iaP9 0 
{iV>-rixt>AP'tl 3' rtOS[ixtC*tU"C1?lft*'|6l±SE 

mmtrntxh^. 

[00533 :^?^mi,ZX1Xi£. m^J!imm80<O^ 
m.8 2*5j:ff«&R8 30±8£ffllKr#at5 OmmCOefflS: 

^?LSP8 6 i:LT$)'I.O-C. 'e^UlliWIIiiKS OtcA-ofv: 

mmrri>mi>zii^i^m,^^tit. t*»fe. i<os-&5n 

SratCtiilgtcJ: 0SnSi$fi.*<OT-. fiMSERJS5t5|*iw 
(git^fiS. CltLtCcfcO. #5lSf8 6c^Dt^l<?0^ 
J6fi^Cfc(tS«;^Jnia«K5 0 J: O^SS 5r@tf-rt 
LT . SlLfirOS-^4 0 Sriia L53:V^T«rtlt»-^*<t^^ 
-i^>'^<7)/jNgg53 2 • <0;^S**S<T#. b-^'JUi 

[00543 *3!^A1?1 6' {iAP1§?l 3' O 

IciSLTt 2o<7)^P 9 0*»^>±g|lc|6l(tT*«;yx$-i« 

M-^i/mck^tlh. L7t*<-5T. Tk^^A'i'ie' OA 

p'g 1 3 ' ^comniiLW. t WiiJinmiM 8 0 laoffiM*^' 

® < -C t> . «S»ja!«8 0 taLA-r* t # tcti-tT't; 

»E(fflfflMTcot-hX,it y hcofe^t:^:^^. 
[005 53 -r^i?-^, 01 70 ( b ) {±. 
16' 3&^^ 5 0 U -y h;U/^<0*f!S7yx. jM®«*'^> 7 
6 0 U -y b/P/^i-OSfi.^rSSUJt t # O. AP« 1 3 ' 
■t'O^flSA'ff 16' 3 0 m mTSSO ( a ) iZTrrf 
^j^izi5Hhyi<.mm.^^t^^r^. ^^X\ *^igJK^ 
itt {±¥^ig«*>^0-mfi^ V ^ a . 5:t5 . ( a ) CtJ 
V^TcmAP'gl3' cOrtST'fcS. (b) J±. AP^ff 
13' OBr®0#gP{aCt>v>-C. 
-l%OliHt-JRi-?TV^4Cli: ?r*tt:iJ0. m$i«ID 

TV"*?). ZiXiZX'O. t.-hX^-y h<r>^i)<^£< , ^ 
mLtztm^tfi%tyti:fz. 01 70 (c ) 

(00563 ^Srii. 0 1 8{i*^At<^)S3^t«*^i^ 
U. JEB0O (a) i^l::. *Sg«A1&l 6" 
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fflP 9 0 7&«AP1= 1 3 ' OKffitCfctt-l) 4"D{2ai: , 

)V/%a:>:mij:^ . mmmpi^l 6 O U -y 
^SrsEiLfcfcS'eO, ;*^A1=16" A^foBOmmTsS 
<0#jSi{:ti»tl>*SaU^'fWi^ ( b ) t25^-r J: ^ tc, 

+ 1 - — 1 %ff>'mi>z'^t.'>xmttm,-^^mifi'^t:>it 

fz. 

[ 0 0 5 7 ] 0 1 9iiZtlhliZitti>itWHi:7j<i-. 
( a ) {c^-r i 3 l::^P 9 0 A*>'APt 1 3 ' c?5BIf®l^ 

SJS^tcfi. ( b ) 5 fcr. BrffiF*3<'5g5filfCJ: of* 

t/v:*>*oT. ^*^T'{ib-h;z.;K'y h*«^U^ 

[ 0 0 5 8 ] ^iis S52<Dllli0yTJi*3PiEA'i' 1 

6' , 16" co^&izzij-^^y^i 1 eA^iSif^n-c 

{i, Tk^SA'Wl 6' . 16" JiAP^il 3' <5:)i)TffiiO 
'4'4:v<2ffie^raP9 Oi7)jg< Sr^t/c^Sfflt-raff i 
v>. 

[00593 l^Xtizm.mLtz^^miziUfh^^M.'^ 

JiAPtlB, 1 3 ' ^fl^*^-rS^«03Pi»Sr5rt*$fM 
#1 2XiSim-rhi:><^tLt:tiK -fti^Olc. iHJa^l 1 

uti!^<7)mimmizX':>x^comM.i:mwthx oizL 

Xi,X^\ 

[0060] 

t<^i; t. im)mjmiix-c/mmMizi5{fm^m^ 
imitKmb^j:^ i o izimmk^m^^mA':^ t ^ 

m\:M.^X'mM5 0 ox:?:ff ■&fifc:*«;«rxfc^<ojt 
[006 13 mi <7)mssr4"i:4c. ii'- 

t> J1-jgtci6(t^>:J'l-f§it::ll2c7)l:S$:l^^L^ctOtr. 
-b;i^SrcaSOgEix:6-|6ltc-^t)-ii:Tift»t c: i: J: 0 , 



[00623 ttz. n,%Am-MM:\t^(^^m.^mmm 
m&-^mmm<r>^&) t,zmm-^:it\izx*). /Mi:*^ 

[ 0 0 6 3 3 ? A>(', «SWJIlS^Ji!l^«J: ^IM^zm.-^^ 
^rgtt^c: h l^i 0 , m^P«U54«StcS[A-r SiiitCTk^ 

[0 064 3 tfz. S5«I0S&M«EfcfcV^T. ^#±»f* 

[ 0 0 6 5 3 ^ts, n3Am^<^±.^mm-t:>ff\^m. 

ti?. latc^fL^ 51 LX^liim:^:^imiJ* < WtT S 

[00663 tmm^^mm^-ri>^^x*si}^m i 

m 2 co^^i:^ f^KonK) mimMmi^^izMm 

x.^ti^t<7)b-rhzbi,zx'o . ^mi^izhti-yxii 

tiiy^ 2<oe[ O^S-IK fe'»tTjajE^rSai**«l& 

$ixs*-^, ^<7)^mmmt/^fSM^b^j:?>> 

[ 0 0 6 7 3 S/i, **^A«tcll 1 <^*tgf?ih#2:ffil 
X , m 1 1 Og? 0 ^i^i? *)l,zf^l<7M 

OSriii., ^2<7>Ji-iK!»tc{im2c7)^0#^O*»^0i::ll 
2c7)*^fr±#fcit/ll2c7)gS0Sr*it^i:fcttc. 
1. m2<^*^fft±#S:S^i^>:«i^iS1±Xf;^-C'#iH- 

[0 0683 ^fyiztfz. 7icmmx's^xn's<^mm^ 
nM^-txxnm<7)mmiT*^^±.^^^ i o fcias 

L. AP'i=<^Wr®rtt-i5tt.&4"C,-aaia«^fcil/Sft"i:^ 
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[053 li^DSlMSUOmJt 2:^-f0-C'Jb ^> . 

[06 3 l;^iil^ft4j«o#istwfflv^s««cop«ffl$-^ 

0T*>S. 

[07 3 ^StMfe«*SU05'hSIKtciJtti.#ia!«feSr75-r 
0-C'Jii.. 

[08 3 1SS«ni?*Ji««t-fcttS^<^*SSCJ:S^ajK^i^ 

[09 3 ;i<^O«i«^#ttSr*-r0-C&S. 
[010 3 *fgi:^«0S-^lt^fcj!8^«iaKORI«S 
^5r^0T'itja. 

[0113 ^•&St-fflV^SSI«J^<OflficO^Sr7r:-r0-C' 

[ 0 1 3 3 II 2 «O|dfe«a|6OM«S:^-r0T-S> . 
[014 3 ||2W|ftteW-fctt-S«SWraSW!!l!«lE<0fllJt^ 

^-r0TJ>.5>. 

[015 3 w>2<r>mm.zii\'fhm3M^msk!ni!mvL 

[01 6 3 *S^A«<^i¥iffl^*'tl&^ll"^'*^« _ 
[01 7 3 m2<73|IMW:*stt'&**<Oii-^^fc^S:S^ 
0-Cibl). 

[018 3 ^«f!lfc:l3Jtl)*fg<OiS-^«®S:5^t^T-*> 

h. 

[01 9 3 Jt«^tct>{tl.7K*<Oii-^«®S:^-r0TS> 
5. 

[??#0SiB^3 

10 7 -f /PrJ' 

1 1 

1 2 SUI$J»# 
13, 13' AP® 



1 5 ^# 

16. 16' ■^WS'X'^ 

17 ^dSSS (mi^7):i5-aSK) 

18 ^ilgK (B2c0^il^SS) 

19 lll<?)g?>)# 

20 m2co^o# 

3 0 h— r^i-'yh 
3 1, 31* 

3 2, 3 2* /J^SSP 
33 

34 

4 0 
4 1 

4 2, 52, 8 2 
43, 53, 83 
4 4, 5 7, 8 7 ?L 

4 5, 5 8 

5 0, 8 0 ^^nl^Jd^ 
51, 81 3g« 

5 4, 84 ¥tm 
55, 85 

5 6 m2«« 

6 0 

6 4 .^l^^ls 

6 5 ^i!-9ifi-yy 

6 6 

6 7 

7 0 

73, 74, 75, 76, 78 SyK-feyif 

7 7 mi'^y-^ 

7 9 yu-7# 

8 6 ^fLg? 

9 0 

1 0 0 ( m 1 ) 

102 mogjo 

1 0 4 *«ff±# (Ig2<7)*«i?±#) 

106 ^2tOigS0 

10 8, 109 ^f*:««^ 

110, 112 3:enss8# 

114 7 >f 
116 EE*-b>'1?- 
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